Recent trends toward the collaborations among various sectors of academia and research areas have brought interests and significances in new activities especially in the fashion and textile areas. One of the collaboration examples is the recent research projects on 3D virtual clothing systems based on the 3D CAD software. The 3D virtual clothing systems provide simulated apparels with high degrees of fidelity in terms of color, texture, and structural details. However, since real fabrics exhibit strong nonlinearity, anisotropy, viscoelasticity, and hysteresis, the 3D virtual clothing systems need fine tuning parameters for the simulation process. In this study, characteristics of silk fabrics, which are woven by using degummed silk and raw silk yarns, are being analyzed and compared. Anisotropic properties may be measured as warp and filling direction properties separately in woven fabrics, such as warp tensile stress or filling bending rigidity. Hysteretic properties may be measured as bending hysteresis or shear hysteresis by using KES measurements. These data provide deformation-force relationships of the fabric specimen. Three-dimensional effects obtained when using these characteristic fabrics are also analyzed. The methods to control the three-dimensional appearance of the sewn fabric specimens when utilizing a programmable microprocessor-based motor device, as prepared in this study, are presented. Based on the physical and mechanical properties measured when using the KES equipment, the property parameters are being into a 3-dimensional virtual digital clothing system, in order to generate a virtual clothing product based on the measured silk fabric properties.
I. Introduction
Collaborations among various academia and research sectors have become very important issues. There have been many scientists, and designers who have shown numerous instances implying the importance of the collaboration between various disciplines. One of the collaboration examples is the recent research projects on 3D virtual clothing systems based on the 3D CAD software. Physics-based computer simulation of clothing help designers to preview virtual products, with high degrees of fidelity in terms of color, texture, and structural details, prior to preparing it using actual textile fabrics (Ko, Choy, & Ko, 2009) . A recent comparative study on the avatar sizing and actual body measurement shapes reported the differences in detail (Lee & Sohn, 2012) . 3D clothing simulation system was also utilized in the appearance evaluation of men's work clothes jumper pattern making (Park & Lee, 2012) . As the 3D virtual clothing system improved and diversified, the software system may be utilized in a digital fashion show (Wu et al., 2013) . With the improvement in the accuracy, the 3D virtual clothing system may also be employed in calculating the fitting, and amount of air gap in adult women's apparel (Cha & Kang, 2013) .
However, since real fabrics exhibit strong nonlinearity, anisotropy, viscoelasticity, the 3D virtual clothing simulation system needs fine tuning parameters for its calculation. The classic approaches include force-based measurements and dynamic captured video analysis (Wang, Hecht, Ramamoorthi, & O'Brien, 2010) .
Together with these innovative approaches, there have also been needs for nurturing the collaboration efforts between these state of the arts sectors and the traditional textile industries.
In the area of 'sustainable growths' in the textile and apparel industries, a group of participants comprise the well-known figure, Safia Minney (Minney, 2012) , focusing on ethical trading fashion, founder of People Tree, and Abi and Thomas Petit, founders of Gossypium (Black, 2011) .
There have been ceaseless efforts to obtain environment-friendly textile materials. In terms of silk fibers (Nam & Shin, 1998) , the traditional silk variety of 'Oksa' (Doupion silk) is an irregular and thick silk thread reeled from two or more entangled cocoons and producing a coarse yarn with the sericin covering the silk fibroins intact. This type of silk fabric is one of the fabrics which are not subject to the degumming process of removing sericin from the raw silk yarn (Zhu, Arai, & Hirabayashi, 1995) .
The degumming process, or scouring needs almost inevitably several chemicals and water. In this process, according to the final needs, the degree of degumming may be appropriately adjusted, thereby controlling the fabric hand, and reducing the amount of chemicals or water.
Degumming, or scouring process needs inevitably several chemicals and water. The fabric hand may be controlled by adjusting the degree of degumming, which may reduce the amount of chemicals or water.
As described above, the textile property parameters for preparing 3D virtual clothing are quite complex. In order to tackle the issues, nonlinearity, anisotropy, viscoelasticity, and hysteresis of the fabrics should be clearly defined and analyzed. As an approach, anisotropic properties may be measured as warp and filling direction properties separately in woven fabrics, such as warp tensile stress or filling bending rigidity. Hysteretic properties may be measured as bending hysteresis or shear hysteresis by using KES measurements ("Kato Products", 2012) . These data provide deformation-force relationships of the fabric specimens.
In this study, as one of eco-friendly textile materials, silk fabric specimens were selected in order to analyze the physical and mechanical
properties. The measured parameters were then fed into the 3D virtual clothing system for preparing garment. Specifically, characteristics of silk fabrics, woven using degummed silk and raw silk yarns, were analyzed and compared.
Three-dimensional effects obtainable by using these characteristic fabrics were also analyzed.
The methods to control the three-dimensional appearance of the sewn fabric specimens when utilizing a programmable microprocessor-based motor device, as prepared in this study, are
presented. This type of 3D spatial data according to the fabric deformation might further be used in the future 3D virtual clothing system.
Based on the physical and mechanical properties measured when using the KES equipment, the property parameters are being fed into a 3-dimensional virtual digital clothing system, in order to generate a virtual clothing product based on the silk fabric properties. As an open-source microcontroller devices for other disciplines, Arduino (2013) has widely been employed by designers, or various user groups.
II. Theoretical Considerations
Arduino is an open-source physical computing platform based on a simple input-output board of small form factor, and a development environment that implements the Processing language.
Therefore, Arduino-based interactive system may be incorporated to the textile fabrics or clothing together with a small mechanical device to move the clothing component.
It is difficult to define pliable and easily deformable materials numerically, such as textile fabrics or clothing, in terms of three-dimensional data points. One of the traditional methods include contact point measurement scheme, such as an articulated form contact 3D scanner.
The contact 3D scanners probe the subject through physical touch, while the object is resting on a plate. This type of contact 3D scanner is, therefore, not applicable to the delicate surface of soft textile fabric product.
Structured light 3D scanner (Zhang, Weide, & Oliver, 2010) has gain some popularity in the measurement of soft products.
Objective measurement study on the fabric hand was initiated by Peirce (1930) . Kawabata 
III. Experimental Methods

Fabric Specimen Selection
Four silk fabric specimens, 'Oksa', 'Myungjoo', 'Nobang', and "Habutai', are selected for experiment. Fabric count, denier, weight per unit area, and thickness are measured for the specimens (Table 1) 
Experimental Methods and Device
By utilizing the stiff property of silk fabric such as 'Oksa', characteristic three-dimensional effect may be obtained employing a motorized device controlled by a microcontroller. Fabric surface contour and friction properties are determined using surface probe and friction probe made of series of fine steel wires. Surface block measures MIU, coefficient of friction, MMD, mean deviation of MIU, and SMD, geometrical roughness.
Servomotor Device controlled by Arduino
As a prototype, the specifications of the servo motor and ancillary devices are as follows: maximum rotation angle 400°, rotation speed 1.4sec/60°(at 4.8v), 7:1 reduction gear system as shown in Table 2 . One end of the prepared fabric specimen was extended at a constant rate.
In order to control the servo motor, Arduino
Uno was employed as a microprocessor. The program code in Table 3 is based on Kurts's (2006) work. 
IV. Results and Discussion
Silk fabric specimens were analyzed using KES equipment and Flexometer method. Sewn silk fabric specimens were dynamically deformed to achieve three-dimensionally morphed structure due to the specified square patterns and employed sewing method. 3D scanning was implemented to register the point cloud data and surface reconstruction for spatial information of the deformed fabric structure.
KES Shear properties
During the initial stage of shear deformation of fabric specimen, yarn to yarn friction, relative rotation of the warp and filling yarns at the inter-yarn cross-over point, and bending of yarns contribute to the increase in the shear rigidity of the specimen (Figure 4) . At a later stage of the deformation, fabric jamming occurs due to the reduced inter-space between the comprising yarns.
Since 'Oksa' is a loose fabric specimen, the 
KES Bending properties
Bending properties are closely related to the fabric stiffness or softness. Higher B value indicates greater stiffness of the fabric specimen. Figure 6 shows the bending curves of 'Oksa' specimen's warp and filling directions. Since the denier difference between the warp (42den.) and filling (154den.) yarns is appreciable, the bending rigidity of filling is much higher than that of warp direction. One interesting observation is that the hysteresis value of bending deformation is not high. This seems to be related to the fact that the shear hysteresis of 'Oksa' is also relatively low, suggesting that the level of friction between the crossed yarns may be low, leading to less hysteresis effect between the yarns. Correlation analysis results between the flexural rigidity by the Flexometer method and the bending rigidity by the KES bending are listed in Table 4 . Figure 8 shows that the coefficients of correlation are 0.93 for warp, and 0.99 for filling direction. Figure  9 shows rendered image of 3-dimensionally reconstructed fabric specimen under contraction deformation. Figure 10 shows the surface contour lines on 3-dimensionally reconstructed object using Rhino3D CAD software. The contour line data was exported to MS Excel spreadsheet for further analysis. Figure 11 shows the contour lines of the sewn fabric specimens contracted by applying the servo motor apparatus, with higher contour line height compared to the one before contraction. This is due to the specimen stiffness, which enables the height increase without too much downward deflection by gravity. The 3D point data may further help compare the discrepancy between the actual fabric deformation and simulated data points from the 3D virtual clothing system.
Analysis based on 3D Surface Reconstruction
3D Virtual Digital Clothing Example
Data for the texture and physical property parameters, such as specular reflection color, glare, opacity, bending, internal damping, etc., were properly typed into the calculation table as shown in Figure 12 , Figure 13 shows the application example of simulated 'Oksa' texture on the prepared square fabric patches using a 3D digital clothing software system.
The simulated virtual digital clothing also shows semi-transparent structure similar to the 'Oksa' silk fabric visual effects. The effect reflects 'Oksa'-specific semi-transparency showing the avatar model's contour lines, and the 3D effects around seam lines, which alter the flat surface to interesting spatial effects. These effects would not be exhibited in the case of 'Myungjoo', which is pliable and opaque.
V. Conclusion
Based on the measured parameters of physical and mechanical properties of silk fabrics, deformation behavior of the fabrics, including bending, shear and tensile properties, were analyzed. Anisotropic property were measured as warp and filling direction properties separately in woven fabric, including warp tensile stress or filling bending rigidity. Hysteretic properties were measured as bending hysteresis or shear hysteresis using KES measurement. These data provide deformation-force relationship of the fabric specimen. Comparisons of the degummed silk fabrics and raw silk fabrics were performed. The differences in the physical properties and mechanical properties resulted in the three-dimensional deformation changes.
The methods to control the three-dimensional appearance of the sewn fabric specimens utilizing a programmable microprocessor-based motor device, prepared in this study, were presented. Based on the physical and mechanical properties measured using the KES equipment, property parameters were fed into a 3-dimensional virtual digital clothing system, and generated a virtual clothing product based on the measured silk fabric properties. The relationship between the Flexometer method and KES method has been confirmed.
The results from this study need further refinement in terms of measurement methods and analysis methods, together with the incorporating methods into the 3D virtual clothing system. One of the schemes to improve the cloth simulation models may be the measurement Along with the three-dimensional effects of the silk fabrics, the changes accompanying dynamic deformation may be utilized to impart the garment characteristic effect. The current prototype servo motor device used in this study is too bulky to fit into an actual clothing. This issue may be alleviated to some degree by using much smaller and lighter micro servomotor in the next phase of the study. This measure, however, may still pose some problems in terms of wearer fitness and comfort. Therefore, collaborations among experts in the specific fields are necessary in the future. Also, the specific behavior of torque or force involved in the movement should carefully be analyzed in the subsequent studies for the optimum size selection.
